Summary. Unilateral orchidectomy resulted in a significant decrease in tissue content of putrescine and polyamines. However, no differences were detected when the results were expressed in terms of ng g \ m=-\ 1 tissue. At 48 h after bilateral orchidectomy, a significant decrease in putrescine content was observed, but spermidine and spermine content were unaffected. The observed decrease in putrescine was prevented by treatment with testosterone propionate, but neither spermidine nor spermine were affected. Bilateral orchidectomy resulted in a significant decrease in the tissue content of putrescine, spermidine and spermine after 7 days. Treatment with testosterone propionate increased the content of putrescine, spermidine and spermine in the epididymis by about 200%, 92% and 34%, respectively. When results were expressed as nmol g\ m=-\ 1, a significant decrease after castration in putrescine and spermidine, but not in spermine, was observed. Treatment with testosterone propionate restored putrescine concentration, but had no effect on spermidine and spermine concentrations. In castrated rats treated with testosterone propionate, the anti-androgen flutamide abolished the effect of the androgen on putrescine and spermidine content, but there was no effect on spermine.
Introduction
Seminal plasma from most species contains high concentrations (millimolar) of the polyamines, spermidine and spermine. In contrast, bovine seminal plasma contains only trace amounts of these polyamines (Mann, 1964) , probably because of the low prostatic activity of bulls. The prostate gland is the main organ that secretes polyamines into the semen (Piik et al, 1977) , and ornithine decarboxylase (ODC) activity, the rate-limiting enzyme in polyamine biosynthesis, is particularly high in the ventral lobe of the prostate gland (Fjösne et al, 1988) . However, this fact does not rule out the possibility that these compounds are synthesized and secreted in other organs of the male genital tract such as the seminal vesicles (Piik et al, 1977; Gonzalez et al, 1991) , for the maintenance of their specific functions.
The presence of polyamines seems to be physiologically important in the initiation of spermatogenesis and changes in both ODC and S-adenosyl-L-methionine decarboxylase (SAMDC) in the testis correlates with the development of the cells in the seminiferous tubules during the first wave of spermatogenesis (Shubhada et al, 1989) , since cultures of Sertoli cells secrete polyamines under follicle-stimulating hormone (FSH) stimulation, through ODC activation (Francis et al, 1981 ; Swift & Dias, 1987) . This action is likely to be important for spermatogenesis to proceed normally (Maclndoe & Turkington, 1973) . However, several effects of polyamines have been described on mature spermatozoa (Pulkinen et al, 1975; Shah et al, 1975; Shah & Sheth, 1978; Casillas et al, 1980) . In contrast, no attention has been paid to the contribution of polyamines to the process of sperm maturation in the epididymis. We have detected ODC activity in rat epididymis and demon¬ strated that this enzyme is strictly androgen dependent (de las Heras & Calandra, 1987; de las Heras et al, 1988) . We have also observed epididymal SAMDC activity, necessary for the synthesis of spermidine and spermine; and its androgenic control (de las Heras & Calandra, 1991 (Merck, 250 µ thickness), previously activated at 110°C for 1 h. Standards containing 10 nmol of putrescine, spermidine and spermine were treated in the same way as the sample, and volumes containing 0-25, 0-5, 1 0 and 20 nmol were spotted on the same plates. Two runs were carried out using cyclohexane:ethyl acetate (1:1, v/v), followed by a third run with cyclohexane:ethyl acetate (3:2, v/v), in the dark. The plates were then sprayed with triethanolamine:isopropanol (1:4, v/v), to stabilize the fluorescence of dansyl derivatives. The bands corresponding to didansylputrescine, tridansylspermidine and tetradansylspermine were identified using an ultraviolet light source (366 nm wavelength) and eluted with 1 ml of benzene:triethylamine (95:5, v/v). Fluorescence of the resulting solutions was measured in an Aminco-Bowman spectrofluorometer, at 350 nm and 490 nm wavelength for excitation and emission, respectively. Fluorescence of dansyl derivatives of putrescine, spermidine and spermine was linear to the volume of sample. Values of Rr were 0-62, 0-53 and 0-45 for dansyl derivatives of putrescine, spermidine and spermine, respectively.
The sensitivity of the polyamine assay was 0-125 nmol in 500 µ . The intra-assay and interassay coefficients of variation were +3-5% for both parameters. The recovery of polyamines throughout the whole procedure was >90%. Results were expressed as nmol g" Assessment of acetylputrescine and acetylpolyamines
The method used for assessment of acetylated polyamines, analogous to that described for the assessment of putrescine and polyamines, was adequate for its application to the epididymal tissue, although the amounts of these compounds were near the detection limit (0125 nmol).
Analysis of acetylputrescine and acetylpolyamines was performed as described for putrescine and polyamines, with the following modifications: (i) acetylputrescine, /V'-acetylspermidine, A/8-acetylspermidine and /V'-acetylspermine were used as standards; (ii) tissues were homogenized in a minimal volume of perchloric acid (400 µ for epididymides from intact rats and 200 µ for those from castrated rats); (iii) interference from putrescine and polyamines was avoided by performing two runs using ethyl acetate, and acetylated derivatives were separated by a third run in chloroform:carbon tetrachloride:methanol (14:6:1, v/v/v); (iv) the bands corresponding to each compound were eluted in 500 µ benzene:triethylamine (95:5, v/v).
Values of RF were 0-37, 0-53, 0-58 and 0-68 for acetylputrescine, /V'-acytylspermidine, /V8-acetylspermidine and acetylspermine, respectively.
Statistical analysis
Differences between groups were analysed by anova and Duncan's multiple range test (Li, 1964 Effect of bilateral orchidectomy and androgen replacement In a first series of experiments, the effect of bilateral orchidectomy was studied 48 h after castration, before atrophy of the organ which occurs after several days. Rats were orchidectomized and epididymides dissected 24 and 48 h later. No differences in organ weight were observed at these intervals. Under these conditions, a significant decrease (P < 0-05) in putrescrine content was observed at 48 h, whereas spermidine and spermine content remained unaffected (Fig. 3) . The observed decrease in putrescine was prevented by testosterone propionate treatment, but neither spermidine nor spermine were affected (Fig. 4) . Flutamide, at doses of 1 and 5 mg day" ' for 7 days, did not affect the content or concentration of putrescine or polyamines in the epididymis. The effect of flutamide in the presence of constant androgen concentrations was evaluated in rats 24 h after castration by injecting them with testos¬ terone propionate (50 pg day"1) plus flutamide (1 mg day-1). The antiandrogen abolished the effect of testosterone propionate on putrescine and spermidine content, but there was no effect on spermine (Table 2) .
Presence of acetylated polyamines in the epididymis: effect of orchidectomy and androgen replacement Acetylputrescine was not detected in either intact, castrated or testosterone propionate-treated rats (Table 3) . However, acetylpolyamines were detected at much lower concentrations than polyamines. Bilateral orchidectomy provoked a decrease in the tissue content of all acetylpoly¬ amines. However, the concentration of these compounds in tissues showed a different profile, as they increased after castration. (1 mg day"') (1 mg day"1)
Values represent mean + sem for four individual determinations. *P < 005 with respect to androgen-treated castrated rats.
The effect of castration on acetylpolyamine content was reversed by testosterone propionate. When expressed in terms of tissue concentration, the action of testosterone propionate on Nsacetylspermidine was evident.
Discussion
The aim of the present study was to analyse the extent by which alteration in the activities of the limiting enzymes of polyamine biosynthesis lead to changes in the content and concentration of these compounds in the epididymis.
The epididymis is adjacent to the testis, and therefore a direct comparison between intact and castrated animals is not possible, since castration results in both an inhibition of androgenic stimu¬ lus and suppression of the contribution of testicular fluid, which may contain considerable amounts of polyamines. This seems to be the case, as unilateral orchidectomy, which prevents the testicular fluid from reaching the epididymis without a significant involution of the organ, results in a decrease in the content of putrescine and polyamines, but there is no effect on their tissue concen¬ trations. This fact suggests that an important fraction of putrescine and polyamines present in the epididymis comes from the testis. The effect of androgens should therefore be assessed using unilaterally castrated, bilaterally castrated or efferent-duct-ligated animals as controls. Our results show that castration rapidly results in a decrease in the amount of putrescine without changes in the amounts of spermidine or spermine. Taking into account the observation that ODC activity cannot be detected 24 h after castration (de las Heras & Calandra, 1987) , and that the decrease in putrescine content is prevented by testosterone, we suggest that at least an important fraction of the putrescine measured in the epididymis is synthesized within the epididymis. The fact that 48 h after castration the amounts of spermidine and spermine in the epididymis have not been affected suggests a lower turnover of these compounds with respect to their precursor.
Moreover, the observed decrease in putrescine without changes in the sum of spermidine plus spermine suggests the conversion of this diamine into other metabolite(s). A possible explanation is that putrescine is converted to acetylated derivatives but, the low sensitivity of the method for the (Ritta & Calandra, 1986) show that GABA is present in the rat testis, and preliminary studies suggests that it could be synthesized in the epididymis. A marked decrease in the content of putrescine and polyamines 7 days after castration was observed in our experiments. This effect is obviously due to both the suppression of testicular contribution and the atrophy of the epididymis. The effectiveness of testosterone in restoring amounts of putrescrine and polyamine followed the order putrescine > spermidine > spermine. Moreover, with the exception of the slight decrease in spermidine after castration, the tissue con¬ centration of polyamines was unaffected by castration or androgen replacement. The antiandrogenic action of flutamide was directly related to the androgenic action of testosterone. These facts allow us to suggest that (i) the main step controlling polyamine biosynthesis is at the ODC level, as the direct product of its action, i.e. putrescine, is most affected by the androgen environment; and (ii) the epididymis seems to possess mechanisms for maintaining the tissue concentration of spermidine and spermine essentially constant. This could be achieved, for instance, by means of an androgendependent inhibition of polyamine catabolism, or by the uptake of circulating polyamines. In other models, polyamine uptake is stimulated when ODC is inhibited by a-difluoromethylornithine (Kadmon et al, 1982) .
Acetylation of polyamines is involved in their interconversion and catabolism. In this study, we determined the amount of acetylputrescine and acetylpolyamines in the epididymis, as well as their androgen control. The tissue concentration of acetylpolyamines was increased after castration (Table 3 ). This fact is in accordance with the notion that acetylpolyamines can be detected when polyamine breakdown is increased (Bolkenius & Seiler, 1981) . The production of acetylpoly¬ amines is expected to occur via polyamines. In our experiments, the increase in acetylpolyamines was about 20 nmol g"1, and hence a similar decrease in polyamines, which are present at much higher concentrations, could not be detected. Acetylation does not therefore seem to be involved in the disappearance of polyamines from the epididymis of castrated rats, at least not before 7 days after castration. This is in accordance with the notion that certain mechanism(s) would prevent polyamine loss from the epididymis after androgen withdrawal.
